Purpose of the Review: The age-related concomitant loss of skeletal muscle and accumulation of excess adipose tissue has been commonly referred to as sarcopenic obesity. While weight loss may help mitigate the metabolic abnormalities linked to obesity, low fitness levels and muscle atrophy complicate the effectiveness of lifestyle interventions. Due to low levels of compliance, suboptimal economic efficiency and low functional capacity, there has been no consensus on optimal therapy. This includes the use of high protein diets that do not ensure muscle preservation during weight loss in this segment of the population. The primary objectives of this review are to discuss the relevance of sarcopenic obesity, examine the feasibility of weight loss in the elderly, and highlight new approaches to the problem.
Introduction
Obesity negatively affects the endocrine, gastrointestinal, cardiovascular and nervous systems of the body, and represents a tremendous clinical challenge to physicians, nurses, dieticians, and other healthcare providers [1] . This challenge is further complicated by the progressive loss of skeletal muscle, strength and function that has been commonly referred to as sarcopenia [2] , leaving individuals at a lower level of function with advancing age. The transition from an active to a non-active lifestyle promotes muscle atrophy, and increases the risk of undesirable medical, economic and societal consequences [3] . While weight loss programs are usually employed to combat obesity in young to middle-aged populations [4] , low fitness levels, economic challenges, and small allowable margins of skeletal muscle atrophy present our healthcare system with a clinical conundrum in older, obese individuals [5] . The purpose of this review is to highlight the significance and complexity of sarcopenic obesity, discuss the limitations of proposed lifestyle interventions, and discuss possible alternative solutions to the problem.
Obesity in the Elderly
A body mass index (BMI) of 30.0-34.9 kg/m 2 , 35.0-39.9 kg/m 2 , and ≥40 kg/m 2 represents the classification of Grade I, II and III obesity, respectively. In conjunction with BMI, the increased risk of metabolic disease has been further delineated by waist circumferences measurements of > 40 in and > 35 in men and women, respectively [6] .
Using these metrics, the existence of obesity and an elevated waist circumference dramatically increase the risk of hypertension, dyslipidemia and insulin resistance that may eventually lead to the development of type 2 diabetes (T2D) and cardiovascular disease (CVD) commonly referred to as metabolic syndrome [6] . Prevalence of the metabolic syndrome increases with age and exists in an alarming ~43% of people aged over 60 yrs [7] . The presence of obesity in individuals who may not present with traditional metabolic risk factors such as hypertension, dyslipidemia and insulin resistance [8] does not seem to reduce the increased risk of non-alcoholic fatty liver disease (NAFLD) and T2D when compared to individuals with a normal body weight [9] .
Even though obesity has been strongly linked to metabolic disease in the elderly, it is somewhat counterintuitive that the existence of obesity has also been associated with a lower risk of mortality [10] . For example, the obesity paradox has been described in individuals with heart failure [11] , chronic obstructive pulmonary disease (COPD) [12] , and the residents of nursing homes [13] . There has been a small improvement in the clarity associated with this controversy as studies examining the link between all-cause mortality and obesity have linked grades 2 and 3 obesity to a higher risk of mortality but Grade 1 obesity was not [14] .
The classification of obesity by BMI may be cost effective and expedient from a treatment perspective, but it does not take account of variations in lean body mass, fat mass or fluid retention [15] . Obesity may co-exist with relatively high levels of lean body mass, and this would provide physiological resilience against the risk of mortality [1] . Variations in the obesity phenotype indicative of visceral obesity as typically identified by waist/hip ratio or waist circumference measurements may be influenced physiologically by activation of inflammatory pathways that have a negative influence on metabolic health. Therefore, the grade of obesity and/or the presence of visceral obesity should be evaluated when considering the risk of metabolic disease and therapeutic options in the elderly [1] . strength or b) low physical performance [16] . The cut-off points for low muscle mass by gender as measured by dual energy x-ray absorptiometry are 7.26 kg/m 2 ad 5.25 kg/m 2 for males and females, respectively. These criteria are important since sarcopenia represents a condition that is linked to impaired mobility and ability to perform activities of daily living, an increased risk of injury, loss of independence, and increased mortality [17] . The loss or threshold that exceeds 30% in many physiological systems represents a breakpoint with regard to inadequate function [18] , and highlights the significance of sarcopenia. Upon reaching the age of 80 years old, as many as 50% of the older population may be adversely affected by sarcopenia [19] . Maintaining or increasing body weight does not necessarily protect against sarcopenia [19] [20] [21] [22] as much of the weight regained after weight loss may be adipose tissue [23] .
The development of sarcopenia in obese elderly (i.e., sarcopenic obesity) is particularly problematic and complex, in that even normal activities of daily living require movement of a greater body mass despite limited muscle mass and functional capacity [24] . It would seem that loss of body weight in individuals with sarcopenic obesity would resolve both the physical and pathological issues associated with obesity. However, the reduction in caloric intake that is required for significant weight loss would likely to further accelerate the development of sarcopenia. When these factors are taken into consideration, the complexity of the condition exceeds that of marginal lean body mass due to the relevance overall body mass with respect to functional mobility. Thus, the benefits of reducing body mass may be offset by the debilitating effects of muscle atrophy and impaired function [25] .
Consequences of Inactivity
The advantages of continued physical activity in the elderly include: retention of muscle strength, flexibility, gait, and protection against chronic disease that result in reduced function [26] . In fact, a regular, balanced and moderate physical activity program actually reduced the risk of major mobility disability of an elderly, vulnerable population [27] . Given the protective influence of aerobic fitness and lean body mass against the risk of mortality [28] , an alteration in these variables during extended hospitalization in the elderly would be particularly problematic.
The results of recent longitudinal studies that followed 1,149 participants aged 65 years or older over a 9-year period have demonstrated that baseline levels of physical inactivity were directly linked to reductions in physical function and incident mobility disability [29] . Previous work from this same group of investigators has also shown that physical inactivity between the ages of 20-40 and 40-60 were associated with decreased functional ability and incident mobility disability. Only cumulative physical inactivity was linked to a higher risk of mortality in these ongoing studies [30] . From data collected in over 160,000 participants in the NIH-AARP Diet and Health project, physical inactivity (ie., individuals who watched television more than 5 hr/day) was linked to a 28% increase in mortality. With a 1-2 hr reduction in television viewing, there was a 15% reduction in the risk of mortality [31] . Data from these two studies highlight the influence of behavior, and how it interfaces with the link between physical inactivity and the risk of mortality. Even short-term physical inactivity promotes reductions in aerobic capacity and increased adiposity [5] . Poor fitness and obesity have been directly linked to an increased risk of mortality with age [32] .
Exercise Recommendations
In 2009, the American College of Sports Medicine issued an updated position stand on the benefits of exercise and physical activity for older adults [33] . These guidelines included a strong statement regarding the detrimental consequences of physical inactivity and the protective benefits of maintaining physical activity against the risks of mortality as outlined in the previous section. In addition, the guidelines asserted that 150 min of moderate intensity exercise should be performed by aging adults "as conditions allow" [33] . While it is understandable that these general recommendations, if employed, may offset the agerelated decline in structure and function, compliance is typically poor (ie., ~40%), and these recommendations would be unlikely to elicit the weight loss needed for improvements in cardiovascular and metabolic health [34] .
The concomitant importance of caloric restriction during exercise training to achieve significant weight loss in the elderly has been demonstrated in numerous studies over the past decade [19] . In fact, a systematic review of original research from 2005 -2015 using PubMed, Cochrane Central Register of Controlled Trials, Web of Science, CINAHL, EMBASE, PsycINFO provided strong evidence that while exercise training did promote improvements in physical function, it did not lead to significant weight loss [19] . The studies included in this comprehensive review utilized a variety of exercise modalities and strategies, and the majority of them included 30-90 min of moderate aerobic and/or resistance exercise training 3-5 days/week. Unfit, older individuals only expend ~4 kcal/min at 50% of VO 2 peak and this low level of energy expenditure would require ~900 min/week or 130 min/day to produce a 3500 kcal deficit ( Figure 1 ). Even with a 25% increase in exercise intensity to 75% VO 2peack , an unfit, older individual would need to exercise 549 min or ~9 hrs/week to elicit a 3500 kcal deficit.
To further illustrate the relevance of oxygen capacity or fitness levels when considering exercise training as a weight loss tool, it would be valuable to compare the theoretical caloric expenditures in obese elderly with heart failure and preserved ejection fraction [35] , obese elderly without co-morbidities [36] , young untrained individuals [37] , and from Sir Matthew Pinsent (one of the highest recorded VO 2peak values in history [38] (Figure 1 ). In his prime, the Olympic rower, Sir Pinsent would have utilized almost 20 kcal/min at 50% of his VO 2peak , and required less than 200 min to elicit a 3500 kcal deficit/week. By comparison, master athletes who are 60 years of age have oxygen consumption rates that are 28% less than their fit counterparts who are 30 years younger [39] . Through the use of these illustrations based on actual data that are specifically relevant to the topic, it is clear that the ACSM exercise recommendations are not adequate to promote weight loss in older, overweight individuals. While the data from these calculations may be discouraging, they may shed light on the frustration experienced by many, especially the elderly when attempting to utilize exercise training as a tool for weight loss. It may also help clarify why the overwhelming majority of individuals choose dietary modification or caloric restriction as their method of weight loss [40] .
Caloric Restriction: Pitfalls and Potential
Caloric restriction has been posited to increase lifespan [41] . Long-term caloric restriction has been shown to reduce the risk of atherosclerosis as well as promote efficacious changes in blood pressure, C-reactive protein, platelet-derived growth factor AB and carotid artery intima-media thickness. Total cholesterol, low density lipoprotein cholesterol, ratio of total cholesterol/high density lipoprotein cholesterol, triglycerides, and fasting glucose and insulin were also lowered with caloric restriction compared to the control group in the study [42] . While these results are encouraging, the individuals recruited for these studies were ~50±10 years of age with a range of 35-82 years of age [42] . The large variations in age are very important since the retention of skeletal muscle declines with aging [43] [44] [45] . Therefore, the benefits of caloric restriction drawn from studies in individuals aged , are difficult to interpret with respect to older individuals.
Age-associated muscle impairments represent a multifactorial etiology, and muscle atrophy occurs with aging, even in the absence of caloric restriction. The factors that contribute to sarcopenia include insulin resistance, reductions in the interactive influence of macronutrients, signaling factors, oxidative stress, mitochondrial alterations, increased apoptosis, aberrant cytokines, and additional molecular pathways yet to be fully described [46] . It is clear that some of these factors are further complicated and challenged by reductions in nutrient delivery, and especially during the conditions of caloric restriction [47, 48] . Even in middle aged individuals (ie., 58±3 years of age), modest caloric restrictioninduced weight loss (ie., 4 kg) over a 12 week period using well-controlled metabolic feeding resulted in the significant loss of thigh lean tissue as determined by computed tomography (CT) scans [49] . Using a less specific measurement of skeletal muscle than CT scans, Kitzman et al. reported the loss of 2 kg of non-bone lean body mass in older, obese individuals (66±5 years of age) from dual energy x-ray absorptiometry (DXA) scans during a 20 week study employing caloric restriction-induced weight loss via dietary counseling [35] . Surprisingly, these investigators still linked intentional weight loss and the loss of lean tissue in another study to reductions in all-cause mortality despite almost 3 decades of variation in the age of participants [50] . Given the age-related differences in muscle atrophy, anabolic resistance and nutrient access across almost 1/2 to 1/3 of the human life span, associations between the loss of lean mass and improvements in all-cause mortality may present faulty conclusions.
It is not surprising that a recent exhaustive review of weight loss studies in older individuals concluded that caloric restriction or "dietary alone"-induced weight loss contributed to the development of sarcopenia and bone loss [19] . According to experts, intentional caloric restriction-induced weight loss in the elderly would contribute to significantly higher risk of functional impairment and incident disability [16, 19, 51] . The detrimental impact of caloric restriction-induced weight loss on skeletal muscle has been linked to the lower threshold of muscle/functional status at baseline, and greater anabolic resistance in older individuals compared to their younger counterparts [52, 53] . These important differences are crucial in the evaluation of clinical efficacy when it comes to the health benefits of weight loss resulting from reduced caloric intake. Otherwise, the amount of skeletal muscle may fall below a threshold linked to dramatic reductions in their ability to perform activities of daily living, and increase their risk of morbidity and mortality [54] [55] [56] [57] . A combined approach that employs dietary modification and physical activity seems to be more effective in maintaining lean body mass and bone mass, and physical function that caloric restriction alone [58] . This approach may also lead to a reduced decline in mobility in older adults as well [59, 60] , and remains effective when using a community-based approach [61] .
Interventions and Economics
The expansive review conducted by Batsis et al., summarized the inherent risks of caloric restriction-induced weight loss in the elderly [19] . However, some investigative groups still contend that dietary mediated reductions in caloric intake an effective means of improving the health status of elderly individuals [35] . While this topic continues to be debated, the overall cost of these interventions should be evaluated. Within already established standards of care, the cost-effectiveness analysis or the cost per unit health outcome obtained is not a simplistic task [62] . Health utility scores are used to calculate quality-adjusted life years that serve as a metric for health outcomes [62] . Using this information, the cost-effectiveness of these interventions has not been consistent even when the beneficial influence of interventions has already been successfully demonstrated in absolute terms [63] .
The reason for the lack of applicability from research to medical practice is likely due to the extensive resources (ie., infrastructure, medical personnel and staff) available to a funded research grant as opposed to resources supported by a third party system. This is easily understood when evaluating the cost effectiveness of a trial conducted by Kitzman et al., in which it took 20 weeks or 5 months for individuals to lose ~7 kg of total body weight and ~2 kg of lean body mass via caloric restriction-induced weight loss [35] . While minor improvements in VO 2peak were noted, there was no significant impact on quality of life despite direct costs of ~$48,338/participant per NIH reporter [64] . In other studies that utilized caloric restriction-induced weight loss in older, overweight adults, direct costs/ participants were even higher, and were accompanied by significant muscle loss and limited overall efficacy with respect to health outcomes [65, 66] . When an intensive lifestyle intervention has been employed such as that utilized by the Look AHEAD Trial in individuals with type 2 diabetes, there was a 10-year cost savings of ~$5k in individuals without a history of cardiovascular disease. While potentially promising, it might be difficult to calculate the cost of treatment relative to the cost of the ILI due to the multi-site approach utilized for the study [67] , and the costs of other studies seem excessive relative to overall benefit.
Consequence of Unanticipated Weight Loss
In aging individuals, muscle loss occurs with caloric restriction in a manner similar to but not as severe as a critical illness. While a critical illness can be particularly catastrophic with respect to the compromised maintenance of lean body mass/total body mass [68] , an unanticipated event such as surgery may also reduce the quality of nutrient intake [69] . The increased risk of malnutrition under these circumstances may be further affected by metabolic abnormalities, lack of social interaction, reduced functional capacity, cognitive impairment and an array of potential morbidities in older individuals. For these reasons, inadequate nutrient and/or caloric intake has a dramatic and negative influence on the maintenance of the quality of life, independence, and overall longevity in older adults.
Older adults are likely to be uniquely susceptible to the consequences of malnutrition and/or caloric restriction due to established cut-off thresholds of 9.2 kg/m 2 and 7.4 kg/m 2 in males and females, respectively [53] . These thresholds may be all the more relevant during hospitalization, especially with unanticipated complications. For example, bed restreductions in protein synthesis and lean body mass in young (30±6 years of age) males were initially demonstrated ~20 years ago [70] . Since older adults lose lean body mass at twice the rate of younger individuals [71] , the maintenance of skeletal muscle in healthy circumstances is vitally important. We have also demonstrated the detrimental influence of bed rest on metabolism and function in older individuals, even when these individuals have access to a well-controlled balanced diet that includes high quality nutrients [5, 71, 72] . Combined with the age-associated anabolic resistance [57, 73] , interventions that might further complicate bed rest induced-atrophy of skeletal muscle and substantially increase the risk and associated hazards of hospitalization in the elderly [74] .
A Cochrane review conducted ~15 years ago examined data collected from thirty-one trials that utilized protein and energy supplementation in over 2,400 participants. The relative risk analysis indicated a lower risk of mortality with protein and energy supplementation. In this range of studies, protein intake varied from that 10-50 g of protein/day and energy intake fell between 175 and 1350 kcal/day [75] . Clearly, the beneficial role of nutrient and protein intake on long-term outcomes in the elderly has been recognized for quite some time but the variation in intake makes interpretation somewhat challenging.
Recognizing the catabolic influence of bed rest on skeletal muscle and the relationship to decreased physical function in the elderly [71, 73, 76, 77] , unique nutritional approaches that provided specific profiles of essential amino acids (EAAs) have targeted this problem. Ferrando et al., demonstrated the beneficial influence of a blend of EAAs (15 gms; TID) on the preservation of skeletal muscle during bed rest [78] . In this study, EAAs were consumed twice per day in order to offset significant anabolic resistance in older adults [79] . While more investigation is potentially warranted with regard to timing and dosage of EAAs to protect skeletal muscle during catabolic scenarios, substantial evidence supports the efficacy of adequate EAA delivery in mitigating the risks of sarcopenia that will ultimately have a profound negative impact of functional independence [53] .
What is the solution to the problem of obesity in the elderly?
The utilization of exercise training as a weight loss strategy has been complicated by lack of effectiveness in older individuals [19] . This has been largely due to their low levels of aerobic capacity that limit the potential for adequate caloric expenditure. The potential synergism between caloric restriction and exercise may offer a promising alternative with respect to significant weight loss, muscle preservation and improved mobility [58, 59] . There is also a clear delineation between the importance of weight loss derived from caloric restriction and exercise training in the short term, and the long term benefits derived from weight maintenance [1] . Simply put, weight reduction through a combined approach may elicit a negative energy balance, but an effective weight maintenance period that maintains caloric balance is essential for long term efficacy [1] Despite the potentially promising potential of caloric restriction and exercise training, not all elderly individuals are capable of exercise training on their own, and the economic challenges of providing sufficient supervision using adequately trained personnel presents another concern [19, 62] . For these reasons and other legitimate issues, the overwhelming majority of overweight individuals choose caloric restriction or dietary modification as their sole strategy [40] . With caloric restriction alone , both adipose tissue and skeletal muscle would be lost, and the reduction in muscle mass may have a detrimental influence of the functional status of older individuals who may be already classified with sarcopenia or at risk for the development of the syndrome.
Based on the guidelines provided by the PROT-AGE study group and the World Health Organization, it is well recognized that the protein RDA f 0.8 grams of protein per kilograms each day is not adequate to maintain lean body mass in older individuals [80, 81] . An even greater consumption of dietary protein (ie., 1.2-1.5 gm/kg/day) may be required in older individuals because of age-associated alterations in metabolic regulation, immune status, and hormonal fluctuations that may promote an increased risk for the development of sarcopenia [80] . The beneficial influence of increased protein ingestion will be largely derived from the increase in amino acid availability [82] , and increases muscle protein synthesis in response to amino acid intake are dose-dependent [83] [84] [85] . Recently, increased protein ingestion (up to 70 grams) in the context of a mixed meal was shown to result from a substantial increase in protein synthesis and reduction in protein breakdown resulting in greater overall whole body protein net balance [86] . Convincing data from these and other studies highlight the importance of increased dietary protein in older individuals that may delay or dramatically reduce the risk of sarcopenia [80, 87, 88] .
A recent review of nineteen clinical trials employing caloric restriction-weight loss in younger individuals (>914 participants) demonstrated similar efficacy with respect to total weight loss regardless of protein intake [89, 90] . The "success" of weight loss interventions in younger populations has been largely evaluated by the total amount of weight loss with little regard for concomitant reductions in skeletal muscle. This may be reasonable, since younger individuals have much greater resilience than older individuals with respect to the influence of inactivity or reduced protein intake on skeletal muscle [91] . However, these results cannot be directly extrapolated to older individuals due to the higher splanchnic extraction of amino acids and anabolic resistance with age that increase overall muscle atrophy during weight and contribute to the difficulty of replacing that muscle following weight loss [87] .
Recently, the influence of increased protein intake on muscle preservation during caloric restriction-induced weight loss has been evaluated in older individuals [92] . In these studies, the investigators utilized a well-controlled 12-week, 25% reduction in energy intake with either high protein (HP; 1.7 g kg −1 per day) or normal protein (NP; 0.9 g kg −1 per day) intake with ~90% of the food intake provided and monitored by the research staff. In order to optimize dietary compliance, participants were allowed to choose 10% of their dietary intake from a restricted list of options. Both HP and NP lost ~9 kg of total body weight and ~2 kg of lean body mass [92] . The results were included in a meta-analysis that screened 1,542 articles and independently assessed the results of 24 eligible articles on the topic of protein intake in conjunction with caloric restriction-induced weight loss. While the results of the meta-analysis concluded that increased protein intake (>1.0 g kg −1 per day) reduced the amount of lean body mass associated with weight loss, significant reduction in lean body mass persisted despite increased protein intake [93] . In other words, ~20% of the weight loss represented a reduction in lean body mass despite greater consumption of dietary protein.
A central problem with relying on increased dietary protein during caloric restriction weight loss to slow the loss of muscle is that the diet does not generally include purified proteins, but rather protein food sources. Protein food sources consist of a significant amount of nonprotein macronutrients. The caloric content of protein food sources may be more that 50% non-protein calories (USDA Nutrient Data Base), which makes achieving a truly highprotein diet in the context of a significantly reduced caloric intake very challenging. Furthermore, the protein of essential amino acids in dietary proteins may be less than optimal to overcome anabolic resistance [94] .
Any loss of skeletal muscle in older individuals would narrow the threshold of muscle mass that might result in disability. In order to address the shortcomings of a caloric restriction approach that relies solely on increased dietary protein intake, we have previously investigated the efficacy of unique profile of EAAs as part of meal replacement strategy [95] . This approach was based on the greater stimulation of muscle protein synthesis by a unique profile of EAAs as compared to whey protein [96] . The total nitrogen intake was approximately matched in an EAA profile + protein-based meal replacement with the amount of nitrogen in a conventional meal replacement. The total nitrogen intake was dictated by the conventional meal replacement, which meant that the total protein intake was only about 0.8 g/kg/day. Consistent with other studies, this amount of protein intake in the meal replacement group was inadequate to preserve lean body mass during caloric restriction weight loss. In contrast, the ratio of lean body mass lost to fat mass lost was reduced significantly by inclusion of the EAAs. These results led to further inquiry on the topic as 40 gms of high quality protein 4 times/day (QID) would meet the recommendations for protein intake in an older individual weighing 90 kg [80] , increase caloric intake from protein alone to 656 kcal and represent over 50% of the caloric intake in a conventional, low-calorie (1,200) diet [97] . On other hand, the QID consumption of 18 gms of EAAs which has been shown to elicit relatively identical responses in terms of feeding-induced changes in muscle protein synthesis in the elderly would only represent 295 kcal (almost 1/3 of the calories contained in 40 gms of whey protein), and ~33% of total caloric intake. A higher proportion of leucine that could activate mTOR and provide greater availability of EAA precursors as part of a meal replacement might maximize the anabolic response, and therefore lessen the intact dietary protein requirement [98] . This approach would allow normal carbohydrate and fat intake, and yet still allow significant weight loss (ie., 5-10%) necessary for improvements in metabolic risk factors and functional independence [87] .
Conclusions
Malnutrition, physical inactivity and/or unintentional/intentional weight loss will further increase the risk of sarcopenia as oroginally described by Baumgartner et al., [99] and further clarified by the European Society of Clinical Nutrition and Metabolism (ESPEN) [100] , and complicate the functional status of older individuals. The epidemic of obesity and the increasing number of individuals who are reaching the age of 60 years presents a significant health crisis with respect to the risks of sarcopenic obesity and the large numbers of individuals who will be affected. While physical activity may be beneficial, the efficacy of its use as a weight loss strategy is limited by low functional capacity that reduces significant caloric expenditure. Moreover, sub-optimal compliance, functional limitations, economic challenges and limited availability may attenuate the effectiveness of exercise interventions. It is clear that increased protein intake is important towards maximizing functional independence but unique approaches that optimize the efficiency of protein utilization may be a vital aspect of any effective dietary approach to weight loss in older individuals.
What is already known about this subject?
The incidence of obesity in the elderly has been increasing. Sarcopenia presents significant health risks for the elderly.
The proportion of elderly individuals/overall population is increasing dramatically.
What does this review add?
The risks of caloric restriction as it relates to muscle loss in the elderly.
The inadequacy of exercise training as a mono-therapy for obesity
The importance of amino acid delivery to offset muscle loss in the elderly A comparison of the kcal/min and the min/week necessary for 3,500 kcal of energy expenditure at 50% of VO 2peak in obese, elderly with heart failure, middle-aged overweight, and young trained individuals, and elite athletes.
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